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Abstract 
This study reports a novel cell co-culture technique using micro-molding in capillaries (MIMIC) technology 
that was utilized to observe the transmigration conditions of two types of cells with and without fluidic shear stress.  
Besides, the gap size of co-culture device could achieve shortest and not mixture. Endothelial cells (ECs) and 
smooth muscle cells (SMCs) were used in our experiment. In addition, concentrations of two cell are 8000 cells/μL 
(ECs) and 9000 cells/μL (SMCs),respectively, the shear stress is 7 dyne/cm2, and the isolation distance between two 
types of cell are 50 and 200 μm. It is found that in the smaller culture space (50 μm) condition, ECs and SMCs 
would induce mutually, which would further make cell migration; in larger culture space (200 μm) condition, no 
inducing reaction took place between ECs and SMCs. It will have more advantages in bio-manipulation and tissue 
repair engineering. 
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1. Introduction 
This paper proposed a cell co-culture technique that could discuss the intercellular communication and the 
clinical application of tissue repair engineered. Blood vessels are composed of three cell layers. The intima, the 
inner layer, is a monolayer of endothelial cells (ECs). The media is composed of smooth muscle cells (SMCs) and 
extracellular matrix in large vessels. The adventitia, the outer layer, contains fibroblasts, extracellular matrix, 
capillaries, and nerves [1]. ECs are the major cellular components of the vessel wall, and the interactions between 
SMCs and ECs play an important role in the control of blood vessels growth and function. More recently, Williams 
and Wick used vascular perfusion bioreactor to grow tubular constructs seeded with ECs and SMCs under pulsatile 
shear stress in long-term co-culture to study the effects of ECs on SMCs function [2]. 
MIMIC technique has been applied to microfluidic network for pattern cell culture and biomolecules [3, 4]. 
Patterning techniques based on soft lithography and photolithography have been extensively used to modify surface 
properties for a variety of applications in cell biology [5]. So far, no effort has been made to apply the MIMIC 
technique to do cell co-culture. Therefore, our work is aimed to develop a co-culture model of ECs and SMCs to 
observe and analyze the transmigration phenomenon and add the fluid shear stress system to simulate the ECs and  
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 the SMCs in the blood vessel conditions. The results of this study showed that: (1) the size of culture space would 
interfere with the inducing and the migration of the ECs and SMCs, (2) the different fluid shear stresses have 
different effects on co-culture cells and (3) the higher fluid shear stress would restrain the ECs and the SMCs from 
inducing migration mutually. 
2. Material and method 
This research strategy has used the MIMIC method to co-culture the cells. The different cells in the short 
distance were isolated to observe the induction reaction effects between the two cells. The process of co-culture 
method is as follows: (a) cleaning the PDMS microchip following by combining it with culture dish, (b) coating 
0.1% (w/v) gelatin to PDMS channels at 37oC incubator and overnight, (c) adding A cells and B cells, both of which 
will be inhaled into the channel by capillary, and (d) removing PDMS after 12 hours, and (e) then observing the 
results. The device combines microfabrication and surface micropatterning techniques to create a two-compartment 
cell co-culturing device that can be used in a number of cell co-culture research applications.  
 
 
Fig. 1. Schematic drawings of the cell co-culture method by MIMIC, the two types of cells were isolated and co-
cultured. 
 
In the fabrication process of cell co-culture microchip, first the various culture spaces (50 μm, and 200 μm) 
were designed by using the AutoCAD® 2006, and then SU-8 mold was fabricated by using MEMS technology. In 
this study, the co-culture microchip consists of two sections: (a) SU-8 mold and (b) PDMS chip. SU-8 thick 
photoresist was employed to form grooves on the glass slide, then PDMS was replicated from the SU-8 mold, as 
shown in Fig.2. 
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Fig. 2. Schematic of fabrication process for SU-8 mold and PDMS chip. 
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3. Results and discussions 
The new cell co-culture microsystem was used for ECs and SMCs co-culture under environment without shear 
stress in this study. To illustrate the function and effectiveness of the device, ECs and SMCs were placed in the 
microfabricated device which allowed the ECs and SMCs to extend over the compartment. The 8000 cells/μL (ECs) 
and 9000 cells/μL (SMCs) of cell concentration were used in the experiment. PDMS and the middle block of 50 μm 
and 200 μm were used to isolate ECs and SMCs, and after 12 hours PDMS would be removed. The results were 
shown in Fig. 3. Following conclusions were found in the results: (1) the distance (speed) of SMCs migration was 
always larger than that of ECs migration before they touched each other and (2) the speed of cell migration is faster 
in the gap of 50 μm faster than that of 200 μm. 
 
 
Fig. 3. ECs and SMCs were co-cultured on culture dish under no flow shear stress, which were isolated by 50 μm 
and 200 μm after 12 hrs. (a) Observe time for 2 hrs in 50 μm, (b) observe time for 6 hrs in 200 μm under the 
microscope. 
 
Comparing migration of the ECs and SMCs was co-culture under fluid shear stress. The 8000 cells/μL (ECs) 
and 9000 cells/μL (SMCs) of cell concentration were used in the experiment. PDMS and the middle block of 50 μm 
and 200 μm were used to isolate ECs and SMCs, and after 12 hours PDMS would be removed.  And then fluid shear 
stress was employed. Two types of co-culture cells were exposed to shear stress 7 dyne/cm2. It is found that the fluid 
shear stress (7 dyne/cm2) would restrain the distance (speed) of smooth muscle cells migration. However, the effect 
on the ECs cells is unobvious.  
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Fig. 4. ECs and SMCs was co-cultured on culture dish under flow shear stress (7 dyne/cm2), which were isolated by 
50 μm and 200 μm after 12 hrs. The result figure: (a) observe time for 2 hrs in 50 μm, (b) observe time for 6 hrs in 
200 μm under the microscope. (Arrowhead was fluid direction) 
4. Conclusions 
In this paper, we have successfully established a novel cell co-culture microsystem to observe interaction of the 
two cells in the limited distance. Then the fluidic shear stress was added to the cell co-culture system to discover the 
shear stress restrain the cells migration. According to the results of this study, we concluded that: (1) velocity of 
SMCs migration was always larger than that of ECs migration before they touched each other, (2) fluid shear stress 
could interfere with the transmission between ECs and SMCs, and make cell velocity of migration slowly, (3) in 
200　μm space, there was no induced reaction between ECs and SMCs, since the large distance make the little 
effect between ECs and SMCs, (4) in 50 μm space, there was induced reaction between ECs and SMCs, (5) the fluid 
shear stress 7 dyne/cm2 could generate more suppression in migration velocity of SMCs than ECs. The proposed 
method offers a convenient way to do cell co-culture and a number of biological study applications where cells need 
to be exposed to well-controlled fluidic environment. 
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